Abstract-A simple admission control unit has already been developed as a reference for HCF (hybrid coordination function) controlled channel access (HCCA) in a recent 802.11e draft [2]. However, this reference scheme is inefficient because it is implemented based on the minimum physical rate from which the mobile stations' actual physical rates deviate greatly at most of the time. In this letter, we propose a physical rate based admission control scheme (PRBAC) which enhances the reference scheme by taking account of both of the wireless channel characteristics and the stations' mobility. Simulation results show the significant improvement of the proposed admission control scheme.
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I. INTRODUCTION

I
N THE past few years, IEEE 802.11 [1] based wireless LAN (WLAN) has gained increased popularity because of low cost and easy deployment. However, the lack of a built-in mechanism for supporting real-time services makes 802.11 very difficult to provide quality of service (QoS) for multimedia applications. In order to enhance the QoS support, the IEEE 802.11 working group is currently working on a new standard, known as the IEEE 802.11e which introduces the so-called hybrid coordination function (HCF) [2] . Similar to the two access mechanisms in 802.11: distributed coordination function (DCF) and point coordination function (PCF), HCF in 802.11e also includes two medium access mechanisms: contention-based channel access and controlled channel access, which are referred as the enhanced distributed channel access (EDCA) and HCF controlled channel access (HCCA), respectively.
For HCCA, admission control is an important component for QoS provisions. A simple admission control has already been presented as a reference for HCCA in a recent TGe draft [2] , [3] . However, this algorithm is somewhat inefficient because it assigns transmission opportunities (TXOPs) to one QoS station (QSTA) according to its' minimum physical rate. In fact, most WLAN products adjust their physical rates according to the estimated wireless channel conditions [4] .
In this letter, we present a more efficient admission control scheme named Physical Rate Based Admission Control (PRBAC). In particular, PRBAC uses the long-term average physical rate for admission control, and at the same time distributes TXOPs to individual QSTAs according to their instantaneous physical rates. In this way, our algorithm can admit more traffic flows than the reference scheme and thus the scarce wireless bandwidth can be utilized more effectively. Note that although our proposed PRBAC could cause the QoS degradation for individual QSTAs, the degradation is very small because the instantaneous physical rate is used to calculate TXOPs.
II. PROPOSED PRBAC SCHEME
The goal of any admission control function is to limit the amount of traffic admitted into a particular service class so that the QoS of all admitted flows can be maintained while at the same time the medium resources should be maximally utilized [5] . In this section, we present our proposed PRBAC scheme, which considers physical rate variation caused by stations' mobility and wireless channel characteristics.
A. Physical Rate Based Admission Control
In HCCA, a QoS-aware hybrid coordinator (HC) is defined, which has higher channel priority. HC can utilize its priority to gain control of the medium and use HCCA TXOPs to coordinate QSTAs for contention-free transfer of QoS data. The TXOP allocation is based on the traffic specifications (TSPECs) provided by QSTAs. Since HC is typically located at the QoS access point (QAP) in infrastructure WLANs, in the following, without specification QAP is the same as HC.
In particular, each QSTA that requires a QoS support is allowed to send the QAP the QoS requirement packets, which contain the mandatory set of TSPEC parameters: Mean Data Rate (ρ, the average bit rate for packet transfer), Nominal MAC Service Data Unit (MSDU) Size (L, the nominal size of a packet) and Maximum Service Interval (SI max , the maximum time required between the successive TXOPs allocated to a QSTA) or Delay Bound (D).
Based on these TSPEC parameters, the scheduler HC generates a schedule for an admitted stream as follows. First, the scheduler chooses a number lower than the minimum among all the Maximum Service Intervals of the admitted streams, the value of which should also be a sub-multiple of the beacon interval. This value is defined as the Scheduled Service Interval (SI) for all the QSTAs with the admitted streams. Then, the scheduler calculates the number (N ) of MSDUs that arrived at the Mean Data Rate during the SI for the ith traffic flow. TXOP j TXOP k TXOP j TXOP k TXOP j TXOP k Fig. 1 . A schedule for the streams from the QSTAs "i" to "k".
After that, the TXOP duration is computed as
where R inst is the instantaneous Physical Transmission Rate, M is Size of Maximum MSDU, and O is Overheads in time units, which includes interframe spaces, ACKs and etc.
From (1), we can see that the TXOP is the maximum value out of the time of transmitting N i frames at R inst and the time of transmitting one maximum size MSDU at R inst (plus overheads). Fig. 1 shows an example of a TXOP schedule.
As for admission control, the control process is also based on the calculation of TXOP, which is similar to the process described above but based on different parameters. Specifically, when a new stream requests for admission, the admission control process is performed in three steps:
• Step 1: The Admission Control Unit (ACU) calculates the number of MSDUs that will arrive at the Mean Data Rate during the SI according to (1). • Step 2: The average T XOP (T XOP AV E i ) for one stream is calculated as
(3) Note that R pro is the average physical rate, which is different from R inst in (2), T XOP AV E i is not T XOP i , and the overhead O in (2) should also include CF-Poll frame. We would also like to point out that using R pro for admission control while using R inst to allocate TXOP is the key idea of this letter, which results in better utilizing network resources. We will discuss the R pro calculation in the next section.
• Step 3: The ACU determines the admission of the new traffic flow based on
where k + 1 stands for the newly arriving stream, the summation index represents the streams already admitted and undergoing services from the HC, T denotes the beacon interval and T CP is the time used for EDCA traffic. Note that if a new stream is admitted with a Maximum Service Interval smaller than the current SI, the current SI needs to be changed to a smaller value. Correspondingly, the TXOP allocation for the current admitted streams also needs to be recalculated with the new SI.
In addition, one problem of our proposed admission control scheme is that it might cause packet loss since we use the average physical rate for admission control. For instance, when many QSTAs move far away from the QAP, during the SI we perform admission control, we might not have enough network resources for all the QoS sessions. Thus, we have to drop packets from some of the QoS sessions. We propose a simple packet-dropping method in the following. 1) We add the TXOPs of all the QoS sessions, calculated by (2), together. If the sum is not larger than δ * SI, where δ =
T −TCP T
, go to Step 3). Otherwise, go to Step 2). 2) We randomly select one QoS session and remove one TXOP for it. Then, we recalculate the sum of all the remaining T XOP s. If the sum is not large than δ * SI, go to Step 3). Otherwise, repeat
Step 2). 3) TXOP is assigned to the QoS sessions accordingly.
B. Average Physical Rate Calculation
The 802.11 standard specifies some basic requirements for multi-rate transmission, in order to maintain interoperability between various implementations. In 802.11 WLANs, the different modulation techniques used for the different data rates can be characterized by more robust communication at the lower rate. This is the "auto rate adjustment", which is not part of the standard, but usually is implemented by the vendors.
In 802.11 WLANs, "auto rate adjustment" is commonly implemented, which allows a mobile station to automatically adjust its physical rate according to wireless channel conditions and the distance away from the AP in order to satisfy a certain signal-to-noise ratio at the receiver end. Considering the physical rate change caused by wireless channel characteristics and stations' mobility, we suggest to record the physical rate history in mobile stations, and we propose to use a lowpass filter to calculate the average physical rate and further refine it by a smoothed rate deviation or variation [6] . The calculation of the average physical rate R pro can be described as R avg , which is
where w and α are the weights, which should be carefully designed.
III. SIMULATION RESULTS
We use NS-2 [7] , a discrete event simulator originally developed at University of Berkeley, with the recently implemented HCF modules [8] for our simulations.
A. Simulation Setup
We use fifty-one stations to form a QoS basic service set (QBSS) with one station being the QAP. The QoS session requests from QSTAs to the QAP arrives according to Poisson distribution with the average arrival interval changing from 5 s to 12 s, and the lifetime of a QoS session is assumed to be exponentially distributed with a mean value of 50 s. One QSTA has at most one QoS session at a time. In addition, each QSTA also use the EDCA mechanism to transfer background data traffic to the QAP. The moving model of QSTAs in the QBSS is according to the "random waypoint" mobility model [9] . Once a QSTA reaches its destination, it remains static in that position for a short period of time, after which the entire cycle repeats.
The mean data rate of a QoS session is set to 200 kbps, and the packet size is 500 bytes. The delay requirement for a QoS session is assumed to be 100 ms, which means SI is also 100 ms. We assume that at most 50% of network resources can be used by the polling mechanism.
B. Simulation Results
We use two metrics, session blocking probability and packet drop rate, to measure the performance of the proposed scheme. Fig. 2 shows the comparison of the session blocking probability results between our proposed PRBAC and the reference scheme [2] , [3] . It can be seen that our proposed scheme achieves much lower session blocking probability, averagely 20% lower than that of the reference scheme. This is because we use the average physical rate instead of the minimum physical rate for admission control. In other words, our proposed scheme allows more users (or more flows) to access the medium and the system capacity is increased around 20%. Fig. 3 shows the cost of the proposed scheme, i.e., the packet loss problem. We find that the packet loss rate is quite small, always below 0.5% that is acceptable for most of the multimedia applications. Therefore, we can conclude that although our proposed scheme admits more flows to the network, the QoS performance only have very little degradation. Note that the packet drop rate for the reference scheme is nearly zero because it over-provides the network resources to each admitted QoS session.
IV. CONCLUSIONS
In this letter, we have proposed the novel PRBAC admission control scheme. Compared with the reference admission control scheme [2] , our proposed PRBAC scheme considers physical rate variation by using the average physical rate for admission control and the instantaneous physical rate for resource allocation. The simulation results have demonstrated that our proposed scheme increase the system capacity around 20% with only little QoS performance degradation.
